Palestine Polytechnic University

College of Engineering & Technology
Computer & Electrical Engineering Department

Graduation Project

Micro Web Based Energy Management System

Project Team
Omar Dhman Ibrahim Al-Sharif
Wajdy Zoughby

Project Supervisor
M. Elayan Abu-Gharbyeh

Project Co-Supervisor
ENG.Radwan Tahboub

Hebron - Palestine

June 2005 (; e - ..‘ ”‘\




Crdaadd SLICT 5 Al

Culadd _ Al
L o gl g duaigl) 4,18

Ggalall g Auily g sl) duaigh B il

1.5 dall al
ddha) elaw

iy pd) ad ) Oladd gos
TSI X

98 apdall o ydlial) Ui pdiall Aagliia g il 5] 9 L ol giSil) g duurigl) 48 ol o oLy
9 galal) g Al <) duaigl) 3 5 ) £ g pdiall KT ﬁm‘aw\M\ gliac| 488) ga
G gl Al Audin Ganadd Auaigl) A (g ) ol A jo clallaiag £18 6l llh

i ydial) 28 g




Dedication

@ @UIE SIS 0S ST S

To all Lecturers in our University.........

OO NIVRISIBYE &t <o sons oo vis e sossiussssunes

Omar
Ibrahim
Wajdy

11




Acknowledgement

To our supervisor E.Elyan Abu-Garbyah for his guidance, support and
encouragement, to every one who provides us with helpful suggestions.

IV




Abstract

One of the technologies that is benefiting from the wide spread of the internet is the
electrical energy management and monitoring. Controlling electrical energy remotely is
improving very fast. This is in step with the wide spread of communication technologies, In
our project we are going to build a small electrical management system, that has the
capability of reading the active energy (KWH values) of two energy sources with ability to
switch them either on or off. The system will provide these capabilities remotely using the
internet. Our system makes use of a micro web server, the IPSIL 8930, to connect power
control lines and counter units to the internet. The power control lines will be made using
switch relays, and the counter units will be built using BCD counters; while the power
meters will be an implementation of a pulse watt meters. We introduce this system as a step

for making more advanced energy management projects.
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Chapter One

Introduction

1.1 Overview

Nowadays internet is spreading very fast it has entered a very huge number of places
from small houses to government buildings. Remote monitoring and controlling over the
internet is increasing too, and it became more valuable for applications to be connected to

the internet and so controlling and monitoring them remotely.

Many organizations are showing great concern for redesigning their services and

making them available online. This will improve the organization services and will open

the door for a wide variety of services.

One of the things that might have been raised up is the design of an energy
management system. This system should have many services ranging from monitoring

the electrical components and the energy parameters including power, current and voltage

and many others to controlling them remotely.

Many designs were created; these will be discussed in chapter 2. Our project will be a
design of small management system providing the services for monitoring the active

power that is consumed by a two load systems with the ability to control the supply

voltages delivered to them.

The system should provide these services remotely so our design includes a web

server that will be interfaced to the power controlling and measuring circuits and then

connected to the internet.




1.2 Literature Review

This project is the fourth phase of the Micro Web Server projects. A TCP/IP stack
was designed in the first phase. A home Automation System was implemented in the
second phase. A Digital camera and two stepper motors controlled by the Micro Web

Server in the third phase. A power meters will be interfaced and controlled by the Micro

Web Server in this phase.

We can categorize the Literature Survey into two main groups:

1.2.1 PPU Projects for Micro web Server

As we had mentioned it's the fourth phase for the project idea, the three previous

projects that tackled this issue are described here briefly:
[A] Project title: '""Micro Web-Server"

Project Overview:

This project was introduced and approved in the 2001/2002 academic year in our
uni{/ersity. The project idea was to build a Micro Web-Server from its primitive

components and use it to perform simple controlling aspects such as LED's switching.

Project Description:

The aim of the project was to write the smallest possible TCP/IP stack, which can
communicate with any web browser over the Internet. The web browser must translate
the web server files and fetch them with its large screen, user-friendly menus and buttons

and helpful information which guide the user through a process by just a mouse click.




The project was focusing on:

e Understanding the fundamentals of computer-internetworking and how the
internet works.

e Understanding the Open System Interconnection (OSI) model which was
developed by the International Organization for standardization, and learning
the details of the TCP/IP, HTTP aﬁd more networking issues.

e Building the TCP/IP stack which includes implementations of the TCP, IP,
ICMP and HTTP vl.1.

e Hardware designing and implementation.
Similarities with our project:

Although our proposed project will optimize a Micro Web Server to accomplish
the hardware controlling and the software management, but it will eliminate a lot of the
work done in that project because of the following:

1) We will use an off-the-shelf Micro Web Server rather than building it.
2) We will use Java programming language and java applets to program the system
rather than writing C codes.

3) The application in our project is widely different and complicated.

[B] Project Title: "Micro-Web Server for controlling and monitoring applications"

Project Overview:

This project was introduced and approved in the 2002/2003 academic year in our

university. It used the IPu8930 Micro-Web Server and the Java Applets software to

control some simple home applications.




Project Description:

The project is considered as a home automation system, in which Micro Web
Server controls and manages many 'dumb' (non-computerized) devices. It is a system
which was designed to control various devices, these devices are:

= Lightening System.
= Temperature Control.
= Alarm System.

= Fan Controlling.
Similarities with our project:

We think that this project is strongly related to our project, this accentuation stems
from the following facts:
1) We will exploit the same Micro Web Server.

2) Most often we will use java applets as a programming environment.

But there still general schemes that may use new ways, such as:
1) Application is different.
2) Ports usage.

[C] Project Title: "Controlling a Digital Camera Using Micro Web Server"

Project Overview:

This project was introduced and approved in the 2003/2004 academic year in our

university. It used the IPu8930 Micro-Web Server and the Java Applets software to

control the Digital by the serial port RS-232.




Project Description:
The aim of the project was to control the operation and position of the camera.

The project was focusing on:
e Understanding the fundamentals of the Digital camera and how the sequence of
the operation process is done.
e Understanding the Open System Interconnection (OSI) model which was
developed by the International Organization for standardization, and learning the
details of the TCP/IP, HTTP and more networking issues.

e Hardware designing and implementation.
Similarities with our project:

We think that this project is the most related project to us, this comes from the fact

that:
1) We will use the same Micro Web Server.

2) Most often we will use java applets as a programming environment.

But there still general schemes that may use new ways, such as:

1) Application is different.
2) They used serial port, but we will use parallel port.

1.2.2 PPU Projects for Power Meters

Our project is the first project concerning power meters management and

interfacing




Other Projects:

Through searching the Internet, we had seen various and different projects and

suggestions tackling the idea of our project, some of them are tightly related to it, such as:

1) For Micro web Server
"Micro Web server for domestic application"

It is a final year project in Newcastle University in Australia, the two goals of the
project were:.
e Miniaturirization of corriputer; this includes microprocessor, microcontroller and
other peripheral devices.

e The development of the Internet.

There is an AVR microcontroller and an Ethernet controller in that board.
There is also an OS available for the board as well as its TCP/IP stack. The project
controls devices like light-bulb and TV remotely

2) For Power Meter

"Electric Meter Reading via Bluetooth"

An architecture of a micro controller based system for interfacing between the
Digital Energy Meter and the Bluetooth Module is proposed. An embedded
instrumentation system onboard reads the Active Energy Register values from the Digital
Energy Meter. This information are then returned to the host via a wireless Bluetooth
link, which will be convert to an active energy value in KWH and Display in the host’s

GUIL An instantaneous energy consumption graph will be plot in the host GUI.




Two interesting applications have been identified. They are Automatic Meter
Reading (AMR) and Automatic Polling Mechanism (APM). AMR is a mechanism
whereby the Bluetooth Energy Meter sends the recorded energy consumption of a
household in the certain interval of time to a ‘wirelessly’ connected reader. APM is a
Feature where a reader will poll each and every individual Bluetooth Digital Energy

Meter automatically in order to get the meter reading of the corresponding households.

"Power Meter Reading through internet connection"

Its objective was to read the power meter value through the internet, because they
used a power meter that has a direct connection to the internet.
1.3 Estimated cost

In this project we need the following equipments in order to implement the

system. The costs are divided into: hardware costs and software costs

Num. H.W Requirements The price
| IPU8930 Micro Web-Server $200
2 Power Meter $100
Total $300

Tablel.l: Hardware Cost

Num. S.W The price
1 Software Implementation $200
25 Internet Domain $80
ptal $280

Table 1.2: Software Cost




1.4 Time plan

RS R (BSEREORIE8 (9 [ 10 |11 [12 |13 |14 |15 | 16
T1 3 Weeks
2 ;

Weeks

s 4 Weeks
T4 3 Week
15 _ 3 Week lweek
T6 | 16 Weeks

Table 1.3: Schedule time for the system

1.5 Report contents

This document consists of seven chapters describing the logical or physical part of the

system

e Chapter One: Introduction

This chapter demonstrates an overview about the system, system design options,

a literature review, estimated cost and time planning.

e Chapter Two: Theoretical Background

This chapter focuses on theories and materials that are related to our system

operation and behavior. It mainly talks about TCP/IP protocol, Java Applets,

Micro Web-Server and Power Metering System.




Chapter Three: Design Concepts

This chapter describes the system in its abstract formula. It describes the project

objectives, a general block diagram and how the system works.
Chapter Four: Hardware System Design
This chapter discuses system design options and justifies those that are chosen in

the project. A detailed description about the different project parts also is

included.

Chapter Five: Software System Design

This chapter handles the software related to our system, depicts flow charts about
system operation and illustrates different algorithms and techniques that will be

considered in writing the software.

Chapter Six: System Implementation and testing

This chapter includes the implementation phases with the testing of these phases.

General hardware and software components are tested and shown in this chapter.

Chapter Seven: Conclusion and Future Work

This chapter will list the problems faced us in accomplishing the system and how

did they resolved. Notes and Conclusions will help readers are also included. A

future work is also proposed.
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Chapter Two

Theoretical Background

2.1 TRANSMISSION CONTROL PROTOCOL/INTERNET PROTOCOL
(TCP/IP)

TCP/IP is not simply one protocol, but rather a suite of small, specialized
protocols including TCP, IP, UDP, ARP, ICMP, and others called subprotocols. Most
network administrators refer to the entire group as “TCP/IP,” or sometimes simply
“IP.” TCP/IP’s roots lie with the U.S. Department of Defense, which developed the
precursor to TCP/IP for its Advanced Research Projects Agency network (ARPAnet)
in the late 1960s.because to its low cost and its ability to communicate between a
multitude of dissimilar platforms, TCP/IP has grown extremely popular. It is a de

facto standard on the Internet and is fast becoming the protocol of choice on LANS.

The latest network operating systems (such as NetWare 5.x and Windows XP)
use TCP/IP as their default protocol. The greatest advantages to using TCP/IP relates

to:

1- Its status as a routable protocol which means that it carries network addressing

information that can be interpreted by routers.

2- TCP/IP is also a flexible protocol, running on any combination of network

operating systems or network media.
3. TCP/IP is a useful refrence for understanding other protocols because it includes

elements that are representative of other protocols.

4- Because of its flexibility, however, TCP/IP may require significant configurations.

The TCP/IP suite of protocols can be divided into four layers that roughly correspond

to the seven layers of the OSI Model, as depicted in Figure 2-1 and described in the

following list

'Y




S| M odal

TCR/AP MAcdel

————————

"‘l‘l ‘||'i-’!||H|'|

1 senalion A ation

R IN)

Transpeorl Trarepeort
ety i 2 Internel

[rala Ll

Fleteorls Inbertace
hvesiea

Figure 2-1 TCP/IP compared to the OSI Model

Application layer—roughly equivalent to the Application, Presentation, and
Session layers of the OSI Model. Applications gain access to the network through this
layer, via protocols such as the File Transfer Protocol (FTP), Trivial File Transfer
Protocol (TFTP), Hypertext Transfer Protocol (HTTP), Simple Mail Transfer Protocol
(SMTP), and Dynamic Host Cbnﬁguration Protocol (DHCP).

Transport layer—roughly corresponds to the Transport layer of the
OSIModel. This layer holds the Transmission Control Protocol (TCP) and
UserDatagram Protocol (UDP), which provide flow control, error checking, and
andsequencing. All service requests use one of these protocols.

Internet layer—Equivalent to the Network layer of the OSI Model.This layer
holds the Internet Protocol (IP), Internet Control Message Protocol (ICMP), Internet
Group Message Protocol (IGMP), and Address Resolution Protocol (ARP). These

protocols handle message routing and host address resolution.
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Network Interface layer—roughly equivalent to the Data Link and Physical

layers of the OSI Model. This layer handles the formatting of data and transmission to
the network wire. :

The movement of a packet of data through the layers in a TCP/IP network is
shown in Figure 2.2. When a packet of data is sent, it travels to the transport layer
where the transport header is added. Next the internet layer adds its header. Finally,
the physical layer attaches its header. When a packet of data is received, the process is

reversed, resulting in the application’s reception of the intended data.

Racaiving

Application

Sending
Aalication

[ranspol vl Tragispol [l

IIccu:'I;::i Hals Ilc:-.'nr.lly::{ o

aied | Transpo il leaed | Tspon i

:T;:ll’-{ I Iv.‘«flf.lli:i Ll Feseld | | IvZ‘.illZIlZH xala
l F

- o1 Al A sl el

Feseal | mlemed | Iranspal | e Fhysial | Inleire: il
sl st II-:«TuZlIr::i I IR 5 x| el Ilv_-.n{..i l

Fig 2.2: Data movement through the TCP/IP layers.

2.2 java applet

Java has the ability to create applets, which are little programs that run inside a

Web browser. Because they must be safe, applets are limited in what they can

accomplish. However, applets are powerful tools that support client-side

programming, a major issue for the Web.
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Looking at what it is supposed to do: extend the functionality of a Web page
in a browser. Since, as a Net surfer, you never really know if a Web page is from a

friendly place or not, you want any code that it runs to be safe. So the biggest
restrictions you’ll notice are probably:

1. An applet can’t touch the local disk. This means writing or reading, since you
wouldn’t want an applet to read and transmit private information over the Internet
without your permission. Writing is prevented, of course, since that would be an open
invitation to a virus. Java offers digital signing for applets. Many applet restrictions
are relaxed when you choose to allow signed applets (those signed by a trusted

source) to have access to your machine.

2. Applets can take longer to display, since you must download the whole thing every
time, including a separate server hit for each different class. Your browser can cache
the applet, but there are no guarantees. Because of this, you should always package
your applets in a JAR (Java ARchive) file that combines all the applet components
(including other .class files as well as images and sounds) together into a single
compressed file that can be downloaded in a single server transaction. “Digital

signing” is available for each individual entry in the JAR file.

Applet advantages

If you can live with its restrictions, applets have definite advantages,

especially when building client/server or other networked applications:

1. There is no installation issue. An applet has true platform independence, so you
don’t need to make any changes in your code for different platforms nor does anyone

have to perform any installation “tweaking.” In fact, installation is automatic every

time the user loads a Web page tha

automatically. In traditional client/server sy

t contains applets, so updates happen silently and

stems, building and installing a new

version of the client software is often a nightmare.

2. You don’t have to worry about bad code causing damage to someone’s system,

because of the security built into the core Java language and applet structure. This,

yo




along with the previous point, makes Java useful for so-called intranet client/server
applications that live only within a company or restricted area of operation where the

user environment (Web browser and add-ins) can be specified and/or controlled.

2.3 1Pu8930 Micro Web Server

2.3.1 General Description

The IPp8930 is a general purpose network controller and web server which
makes it easy to monitor, control and communicate with remote sensors, actuators,
and practically any devices with a serial port (via the onboard serial port) via a
TCP/IP network such as the Internet. The IPu8930 is designed to either work
standalone or in conjunction with a “master” MCU.

At the heart of the IPu8930 Developer Kit is the [Pu8930 Module, a compact
TCP/IP network controller and webserver module, which enables developers to
rapidly add network connectivity to products. The IPu8930 combines a TCP/IP
controller, HTTPcompliant webserver, Modbus TCP node and A/D converter into a
single, small (1.3x1.4”/3.3x3.4cm) daughterboard. The IPu8930 is designed to enable
remote monitoring and control over a TCP/IP-based network without the overhead
and complexity of traditional solutions which require the knowledge on how to
support and program using a real-time operating systems. The IPu8930 Module is
capable of operating standalone or as a TCP/IP peripheral for a separate MCU.

In addition to being able to store and retrieve web pages on the IPu8930,
developers can access the 1/O ports on the [Pp8930 using Modbus TCP, a popular

standard for acessing devices on a network in the industrial automation, building

automation, and utilities industries.

The IPp8930 Module plugs easily into the IPp8930 Developer Board. The

Developer Board is packaged with power, a 10BaseT network jack, and various

connectors to make it easy to set up, program, and test the IPp8930
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Fig 2.3: IPu8930

2.3.2 IPp8930 Features
The IPpn8930 Board provides the following features:

* Supports both TCP/IP and UDP—read & write
* Includes HTTP v1.0 compliant embedded webserver
» Up to 8 analog or digital ports for monitoring/control of external devices
* Built-in 10-bit ADC
* Serial port
— With flow control (CTS/RTS XON/XOFF, or None)
— Can be used to communicate with external serial devices
* Ability to define WebHoles™ in HTML pages which get “filled” with values from
pre-defined I/O port
» Can operate standalone or as a peripheral to an external MCU using a serial interface
« Full set of user-configurable network and system settings including
— Support for static & dynamic IP addresses
_ User-definable default fixed address
* Compliant with RFC-1122, the standard for TCP/IP hosts on the Internet

* Supports the following network applications:

— ARP. DHCP, ICMP (ping), Modbus, and Ipsil Control Protocol (v1.0)

* 4 megabit (512KB) of on-board memory for web pages.

* Time stamp functionality

+ File system with over 500 unique, variable length files
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Without any additional hardware, a user can download web pages from the IPp8930
Board and control the analog/digital general I/O ports on the Developer Board. With

additional devices hooked into the Serial ports, a user can control and monitor a wide
variety of devices.

Fig 2.4: TPp8930 developer board

2.3.3 IPu8930 Developer Board Features

The IPp8930 Developer Board is designed to help you quickly develop
applications using the IPu8930 module. The IP18930 Developer Board contains the

following features:

« Ethernet connector with two integrated LEDs which shows Rx/TX activity
» RS-232 connectivity thru a serial RJ-45 jack (RJ-45 to DB9 cable included) with

flow control
* 8 general I/O channels accessible through developer board header

« Service LEDs 5V, 3.3V, Tx, Rx, RTS, CTS activity
* Integrated [2C temperature sénsor

* Reset button

» Power and collision activity LED

* External power jack
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2.3.4 Micro-Web Server Control Protocol

The TPu8930 Control Protocol (ICP) provides programmatic access to all of
the I/O and storage resources on the IPu8930 Board including the general I-O pins
(aka., Port A), the Serial Port, IPu8930 RAM, the internal EEPROM, and the
External EEPROM. Read/write access to the SPI and 12C ports is noted here but will

not be supported until IPu8930 v1.1. Both read and write operations to IPp8930
resources are supported.

The ICP is a stateless protocol which supports reading and writing to the
IPu8930 via port number 8930. Both TCP and UDP are supported. If the IPp8930
receives a request via UDP, it will reply to the request using UDP. Similarly, if a TCP

request is received, the outgoing packet will be a TCP packet.

The flow control for ICP is lock-step. A program must, after writing a packet,

Wait for a reply before sending another packet.

The ICP packet format consists of several parts. First, every write packet starts
with a password, which is required if secure mode is enabled—otherwise it is Ignored.
An OPCODE and address are next required. The remaining fields carry the

information read from or to be written to the IPpu8930. The contents of the data

structure differ based on the operation and whether this is a request or response.

Table’s details of the packet of an ICP read, an ICP write and there respective

responses are described in appindex.

2.3.5 1Pu8930 Applications

Applications for [Pp8930 Modbus include:
* Remote monitoring

« Industrial automation and process control

* Home automation

* HVAC control
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» Lighting control
« Environmental monitoring
 Remote telemetry

» Test and lab equipment monitoring

2.4 Kilowatt-hour meter

Kilowatt-hour meter is a device that is used to measure the number of kilwatt
power used by load in a unit of time .kilowatt hour meter may be used for three phase

or single phase reading,we here will talk about single phase meter only.

There are two types of kilwatt-hour meter using for measuring power:
e Analog KiloWatt Hour Meter.
e Electronic Digital KiloWatt Hour Meter.

2.4.1 Analog kiloWatt Hour Meter:

This kind of kilowatt hour meter has a mechanical counting system that counts
the revolutions of an aluminum disk and in turn, displays the kilowatts of energy used.
The ratio of kilowatts displayed to the turns of the disk is called the disk constant,and

this constant is different from one meter to other depending on the rotating disk.




2.4.2 Electronic Digital kiloWatt Hour Meter

The digital meters determine power by directly multiplying the current by the

potential difference and record this result over time to obtain a value for energy used.

There are a few advantages of using a digital meter over an analog meter. The
primary reason is the fact that digital meters do not have moving parts. This reduces
the error do to mechanical parts wearing out after time. Also a digital meter is more
accurate; most digital meters have an error of 0.8%. While the error of a standard,
analog meter is at most 2%. Some digital meters are designed using large-scale
integration circuits (LSI). LSIs contain anywhere from 500 to 1000 circuit elements.
An LSI uses a digital voltmeter and an ammeter to measure the instantaneous
potential difference and current. Then it is capable of converting the values into
computer code. After that, it performs the necessary multiplication to obtain the

wattage used and records the amount in static memory.

Another advance in the digital kilowatt-hour meter is the ability to transmit the
current readings to a remote observer. With this capability, the power company can

effectively monitor all the meters from a central location instead of physically looking

at each meter individually.

Even though the newér, digital meters are more reliable they are still not
widely used. Although the benefits of a digital meter don’t warrant an immediate

replacement of all analog meters, when analog meters wear out, digital versions are

installed in their place.

2.4.3 How to Calculate Power

A measurement for a quantity of electric energy, at any point in time, is called

a "watt", 1000 watts equals a "kilowatt" or simply kW. This energy measured over

time is called a "Kilowatt-Hour" or "kWh". One kWh means the usage of 1 kW for

one hour or sixty minutes.
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Active energy is measured in kilowatt-hours, while reactive and apparent
energy are VAR hours and VA hours, respectively. Figure 2.6 shows the relationship
between active, reactive, and apparent energy. The relationship described in the figure

holds true for pure sinusoids at the fundamental frequency. In the presence of
harmonics, this relationship is not valid.

AFPSRENT PCANER:
REALTIWE FOWEE

AL TISE PZOSER

Fig 2.6: Relations between powers
The relationships are as follows:

e Active Power=VIcos 6
e Reactive Power = VI sin 0
e Apparent Power = VI

e Power Factor = cos 0
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Chapter Three

Design Concepts

3.1 Project Objectives

The project to be designed should have following objectives:
1. Design a Power Meter control and management system.
2. To control multiple AC lines using the internet.

3. Be able to read KWH for the AC lines using the internet.

3.2 Project General Block Diagram

Figure 3.1 shows the system (to be designed) in a block diagram; this system consists
of the following components:

e AC Lines
This project assumes two separate AC lines, one for small loads such

as lighting, and the other for small loads, such as refrigerators, motors.

Metering units

Sense the power consumed by the loads.

e Power control units

Switch off or on the ac lines.

e Counter units

Counts the consumed KWH (kilo watt hour value).
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Fig 3.1 Project General Block Diagram

The general block diagram describes the system for three loads, but the system

design will be for two loads

Pulse from
meter KWH
Value
st Counter Unit >

Fig 3.2 Pulse meter output and the Counter Unit
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3.3 How System works

The it’ ' :
meter unit’s outputs a signal every 1second this signal is entered into a
counter unit then the KWH count of the final counter for all counters are entered into

a multiplexer which in turn is connected to the micro web server port.

The software in the micro web server will be responsible for reading the
values of the counter using the multiplexer and then displaying it to the user. This
software will read the values of the counters in a specified interval and so then the

accumulative amount of the KWH values for each line will be displayed to the user.
Also the software will enable the user to control the AC lines, by issuing a
command; the output of the micro web server will be applied to the power control unit

which will turn on or off the AC Line.

The software might also provide the user with the capability to specify the

interval in which the KWH value is read.
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Chapter Four

Hardware System Design

In this chapter we will describe the hardware components in our design

system, and how these components integrated to each other.

4.1 AMR Automatic meter reading Options

Types of the interface supported by the meter
e RS-485 Interface

PC Parallel port interface

Pulse output interface

RS-232 interface

RJ-11 interface

The reading of meters depends on the interface supported by the meter. A lot of
interfaces are available these includes the following

e RS-485 Interface, an example is shown in the figure below.

Fig 4.1: A kilo Watt hour meter with RS-485 communication
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PC Parallel port interface, the figure below shows a functional block diagram

of a KWH meter that is build on the analog device energy IC ADE7756
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Fig 4.2: A kilo Watt hour meter with PC Parallel port interface

e Pulse output interface, see the figure below.

Models are available for single phase, three phase three wire and three phase four
wire systems. Inputs are from standard current transformers and normal mains
voltages. Output is in the form of unit energy (watt-hour) pulses read by the built in

counter or outputted to an external counting system.
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Fig 4.3: A Kilo Watt Hour meter with a pulse output
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A lot of m ¢
| eters are also supported with software for the controlling and
monitoring of the meters.

There are a lot of ways for gathering information related to metering from

various locations; some of them take the power lines as a means for communications

while others use wireless communication.

Consider the figure below that depicts an energy management system.
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Fig 4.4: Energy Management System

After we study these interfaces and methods we decided to use this system which

contains five main components:
1. Micro Web Server
2. Metering unit
3. Counting unit.
4. Controlling unit. |
5. Backup battery unit.




4.2 The Micro Web Server

General Purpose I/O Pins (Port A)

The IPu8930 micro web server contains 8 pins, each pin can be used for input
(set it to 1) or output (set it to 0), each pin can also be configured as analog or digital.
In this system we use these as digital I/O ,four pins will be used as input bins to read

from counting circuits ,and other bins will used for output pins for selecting and

controlling circuits.

Pin | Function In/Out

1| Pao Rl

3 PAL —l B

5 PA2 , o] e
ns 7 3 \

7| = o — B —

/ Pro e 12 [

9 PA% = PRE 13 e
B 45 181

S = = B

13 [ PasiCTS | Ine e i

15 | PA7/RTS &3/ Out

To communicate the IPp8930 micro web server with pc or other standard RS-
232 device, a level-shifting device must be used. The IPp8930 micro web server

developer board has this chip built in, and routed to the RJ-45 serial connector.

There are many kinds of servers that can be used in our system, for example

Micro Web Server and the Pico Web Server are the server categories that can be used

in the system.

In this system we will ﬁse the IPpu8930 Micro Web Server which is existence

in our university lab, and which owns the required system needs.

The TPp8930 micro web server has a general purpose I\O pins (port A) which

: ; nts.
we use to communicate with other system compone
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Fig 4.5: IPu8930 Block Diagram

Types of possible connection to Power Meter

[A] Parallel Connection

1. Connecting the Power Meter to parallel port of the Micro-Web Server

TCP\IP
Network

Power Micro-Web
Meter Server

Fig 4.6: Parallel Connection

2. Writing a Java applet that uses the Ipsil Control Protocol (ICP) to read data

from the Ipsil parallel port and process it in Java applet.
3. Uploading the Java applet to the Micro-Web Server system.

4. Embed the Java applet to a HTML page on the Micro-Web Server.

Whenever a user accesses the HTML page, the Java applet will run and get

information to control the Power Meter using ICP.
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[B] Serial Connection

1. Connecting the Power Meter to Serial port of the Micro-Web Server

Power Micro-Web

Meter iy TCP\IP

Network

Fig 4.7: Serial connection

2. Writing a Java applet that uses the Ipsil Control Protocol (ICP) to read data
from the Ipsil serial port and process it in Java applet.

3. Uploading the Java applet to the Micro-Web Server system.

4. Embed the Java applet to a HTML page on the Micro-Web Server.
Whenever a user accesses the HTML page, the Java applet will run and get

information to control the Power Meter using ICP.

The IPp8930 micro web server contains 8 pins, each pin can be used for input

(set it to 1) or output (set it to 0), each pin can also be configured as analog or digital.

In this system we use these as digital I/O , four pins will be used as input pins

to read from counting circuits ,and other pins will used for output pins for selecting

and controlling circuits.

To communicate the IPp8930 micro web server with PC or other standard RS-
232 device. a level-shifting device must be used. The IPp8930 micro web server

developer board has this chip built in, and routed to the RJ-45 serial connector.

In this projéct we will use two pins for control lines, one for counter selection,

and four pins for KWH reading.
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4.3 Metering units

The metering units consist of two meter units. This meter unit will be an
implementation of previously designed circuit. Metering unit is used to be connected
with AC Line and generate a pulse signal equal to IH\W (1joule\second). This pulse
signal will then be transferred to the counting unit to accumulate for every watt used
by the load. The Metering unit contains three main parts

e Load circuit

e Optocouplers circuit

e Comparator circuit

Voltage sensing

SOHLe multiplies Load
e
Current sensing multiplier
l 5 Volt DC
supply
> Isolation Opto
couplers
In a Bridee Form
Output signal to
counters
1pulse\joule
Equal to 1HzZ\W
Comparators transferring <

power reading to

frequency U

Fig 4.8: Block Diagram for meter circuit

We have chosen to build the meter because all its components are low

cost and available.
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Fig 4.9: Metering unit circuit

4.3.1 Load circuit

The multiplier’s output is a current drawn from C1 that’s proportional to the
true instantaneous power delivered to the load. Accuracy is maintained even if the line
voltage wanders and the load is reactive and nonlinear. If multiple AC power phases
only resistors R1 and R2 and the optoisolator need be duplicated

totransistors of the additional isolator(s) should be

are to be monitored,
for each additional phase. The pho
paralleled with Q1-Q4.

4.3.2 Optocouplers circuit

The core of the wattmeter circuit is a quad-channel optoisolator consisting of

LEDs E1-E4 and phototransistors Q1-Q4 connected in 2 double-bridge arrangement
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(see the figure). This arrangement acts as a variant (admittedly peculiar) of the well-
known “Gilbert cell” analog multiplier to compute the four-

line voltage and Z1 load current.

quadrant product of ac

ET ) ol
E3 -[}K
= 03
B ]
E4 }_{ o1

Fig 4.10: OptoCoplers circuit
4.3.3 Comparator circuit
The current-to-frequency converter formed by reference VR1, comparators Al

and A2, and associated discrete, converts the passively summed power-proportional

currents to a 0-1200 Hz output appearing at A2 (pin 7).

4.3.4 Clock circuit

After we haven’t obtained the 2 mohm resistor we decided to use elester A100

electricity meter for obtaining the clock pulse that corresponds to the electricity uses.

Power > Digital pulse
rr(l);::r rate pulse/2w
voltage Optocoupler > Buffer >
across ‘

the led
and the A

Dd 5V
oV

Fig 4.11: block clock circuit
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The power (electricity) meter has a led that is turned on at a rate of 500pulse\K WH
which means that the led lights on and then switches off every 2W of energy usage.

The lightening period is about 100 micro seconds. Our goal was to benefit from this

pulsing so as to count the electricity usage.

In order to benefit from the power meter, we investigated the inside power meter
circuit, using a multi-meter. It was found out that the pulsing led is connected to a
resister, and the voltage was found to be 2.5 V (dc measurement) across the led and
resistor during lightening of the led and Ov at no load. However this voltage was
found to be ac and not dc, moreover one of the led legs was connected directly to the
phase. So an ac measurement was taken and the result was 1.3v (ac) at lightening and

Ov at led switched off.
During these investigations several circuits were tried. All of this was for the sake of

a digital pulse from the power meter. Opto-couplers, inverters and phototransistor

circuits were tested. Finally the following design worked correctly.

lpulse/2w

R1
vl
150 OP4N25

& Mo e
)
{ Egz I: U2A
D1
= 7 LEDO

Power Meter

Counter units

R2
3.9k

Fig 4.12: clock circuit
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4.4 Counting unit

Countin it circuit i
g unit circuit is used to count the pulses that are introduced by

metering circuit; it contains four ripple counters as shown in Fig 4.9

Power
Unit 1

To 999 W Counters

BCD BCD oot
BCD KWH

S :> Q BCD
Counters

Micro

Selection
Wel
counter :> Multiplexer ':> b

Server
@ Counter clock

To 999 W Counters

Four

BCD BCD BCD KWH
Counter 0 |_—‘_—> Counter | [___> Counter 2 J{{C— » BCD
Cauntare

Fig 4.13: Counter units with a multiplexer

The first three counters connecting directly to the metering circuit and they

counts the number of pulses that generated from meter circuit, every pulse is a watt,

so these counters can count to 999 watt then increase the forth counter by one and

turns to 000 to count a new kilo watt.

The fourth counter is used to count the number of kilo watt used, its output

connected to a multiplexer which is connecting to the micro web server.

Multiplexer is used to enable which load micro web server will read.
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Micro Web Se
rver read fourth counter every unit of time determined by

are by enabli i
softw y bling the multiplexer then reset the counter by the reset bins which is
connected to the micro web server

4.5 Controlling circuit

The controlling circuit consists of three relays that are controlled using the
micro web server port A pins. The relays normally closed ends are put so as they

close the lines and so the loads are normally connected to the ac power lines.

Source Switch I65d
- relay A
T : . 2 output lines
l from Micro web
Source Switch Load
B relay B

Fig 4.15: Block Diagram for Power Control Circuit
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Fig 4.16: Power Control Circuit
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4.6 Backup battery unit

AC 220volt Battery Charger Battery Regulator

Fig 4.17: Backup battery block Circuit

>

DC 5 volt

A backup battery is used to ensure that the system maintains power if the electricity
goes off, the design consist of a 5, volt regulator, a 6.5 volt battery and a dc battery

charger.

Ul
Charger [ 78L0S +
ol ! N OUT————————
Vsl —
<V>220V =612V, o
2 S Volit System

Fig 4.18: Backup battery Circuit
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4.6 Backup battery unit

_'“4,

AC 220volt

Battery Charger
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Fig 4.17: Backup battery block Circuit
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A backup battery is used to ensure that the system maintains power if the electricity

goes off, the design consist of a 5, volt regulator, a 6.5 volt battery and a dc battery

charger.
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Fig 4.18: Backup battery Circuit
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Chaptér Five

Software System Design

This chapter discusses the method for implementing the system. Software
implementation will be in JAVA. And we will walk up with all different transition

and behavior of system operation.

5.1Software Parameters

‘Through programming of Micro-Web Server there is several steps that must
be done related to ICP to the Micro-Web Server:

1. Verifying thé IP Address of the Micro-Web Server.

2. Port ID for the Socket path (Manufacturer to be 8930).

3: Parailel Port Address in the Micro-Web Server.

4. Operation Code (OPCODE) of the operation to be performed through the .
Socket (Read/Write).
Direction of Data (Sent/Received).

6. Command to be sent to the Power Meter.

A

7. Verifying the success of the specified operation.
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5.2 Software Tools

The following components from the software point of view are used:
1. Window XP SP2

To acts as Client.

2. Front Page 2003

In order to design the web pages of the system.

3. . Java Creator Pro 2.00

In order to write Java Applet Codes.

4. JBuilder 2005 Enterprise

In order to design the interface of the Java Applet.

5. Java2SDK 1.4.1

Contains the Frame work of the java environment.

6. Java Run Time Environment (JRE)

To support the Java Virtual Machine for the client processing state.

7. Ipsil Configuration Utility (ICU)
Software to upload files into the Micro-Web Server.

8. Power Meter Software | | .
Confi guration about Power Meters and there contents.

$0




5.3 System Flowcharts

5.3.1 System Authorization

This flow chart sho
ws how the user logging to the system, and how the system

responds.

Get Logging
Web Page

v

Enter User Name

and Password N O

Is
Authorized

=

[ oo N

Get the main
webpage

v

Choose a link
from the
navigation bar

v

Open the link in the
middle frameset

Fig 5-1: Power Meter Viewing
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5.3.2 Power Meter Viewing

This flowchart shows how we can do several power meter options

Verify User
Authorization

v

Open a Socket with IP
Address and Port ID

.

Meter Numb
i Get Error
¢ Web Page

Apply Security
Encryption

v

Choose an
Option:
Read, Switch Of,
Switch On

Result will . There is an error
dis:)i:y i‘:lthe In Power Meter
Screen ;
[l e Ty 44—

Fig 5-2: Power Meter Viewing
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5.3.3 Micro-Web Server Configuration

Verify User
Authorization

'

Open a Socket with IP
Address and Port ID

Failed?

o

Get Current Micro Web
Server Configuration and
Display it in an Applet

v

Apply Security
Encryption

v

Choose Option:
Read, Switch of,
Switch On

'

Apply Change

]

i

Get Error
Web Page

Fig 5-3: Micro Web Server Configuration
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5.3.4 Read option |

Read MSB BCD

Send 1 then 0 to
—p selection counter clock
to select next BCD

Read next BCD

No

Is it Last
BCD?

Send 1 then 0 to
selection counter
clock until it returns
to MSB BCD

Fig 5-4: read option
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5.4 Web Pages Implementations

One of the i .
| most steps is to design a proper web page because it acts as a face
for controlling the Power Meter.

The web technology used here reduced to be Client-Side Scripting language;
this is because the Micro-Web Server in general does not have the executive
background for manipulating data processing of different languages. The Micro-Web
Server is a server for getting paths of networked communications through an interface

implemented by programming languages like: C, C++, Java Applets, LabView and
Borland Delphi.

The following techniques describe the way used for implementing the system:
1. Java Applets (Described as Client-Side Script language)

These applets are stored in the Micro-Web SerQer External File System.
They afe come from the HTML Web Page, these applets contain several class files
that divided into commands and are ready to be executed using Java Virtual Machine
on the client platform. Sockets class are used as path in order to communicate
betweén Ipsil device and Java Applets, also Java Applets used Ipsil Control Protocol

(ICP) over TCP to access all the /O and storage resources of the Micro-Web Server

along with parallel Port of the Micro-Web Server.

These applets are stored as-a compressed file known as 'Jar' file extension and

include:

=  Multiple of files extension 'Class' into one Jar file.

= Secure the opened socket between the clients and the Micro-Web Server.

When running the applet automatically will establish a TCP/UDP connection.

In order perform reads and writes operation well, the IP address of the Micro-

Web Server must assign the most current IP.




5.5 Implementing Java Applet Procedures:

e Use JAR files instead of Java applets in Web Pages:

The IPm8930 file system requires the prefix of all filenames to be a three digit

number (€.g., “160myfile”, “170myfile”). However, class names for Java applets

cannot begin with a number. The solution is to use just one JAR file that stores all
of the java applets. A JAR file is a compressed archive of Java applets (or any
other files) and can have a filename beginning with a number. The JAR file also
has the added benefit of requiring less space on IPm8930 file system since it is
compressed. For example, “203Classes.jar” is a valid file name and would be used
if the JAR file was to be stored in file slot 203 on the IPm8930 file system. To use
JAR files in web pages, use the option “ARCHIVE = [jar file name]” in your
HTML code

e Padding JAR Files to 512 byte Multiples:

The IPm8930 file system clusters files into 512 byte blocks. When a Java JAR
file is served to a client web browser, a data stream that is a multiple of 512 bytes
is returned. However, if the original JAR file was not exactly a multiple of 512
bytes, there will be some extraneous trailing bytes (< 512 bytes) that are also sent
to the client web browser. Some client browsers may block this JAR file as a
potential virus because of these extraneous trailing bytes. The solution is to create
JAR files that are exactly multiples of 512 bytes in size. This can be done easily

by adding a uncompressed text file that contains as many spaces as needed to

align the JAR file to a 512 byte multiple.

2. Java Script

Java Script uses codes that can be embedded in the HTML code of a web page

to be executed when interacting with that page. It is the browser Plug-In software

that takes on the execution of the codes.

The system rarely used Java Script t0 implement any web plocessinaifcatues:

o)




ertheless, it i A
Nev S, 1t 1s used to accomplish different issues like prohibit more than one

user to access the system simultaneously, Check authorization for a user and

enerate frien i
g dly messages relevant to user's actions.

e Suggestions on Creating Web Pages on the IPp8930

The following are a list of suggestions for writing Web pages that will be
stored on the Ipsil chip:

1. Any type of web object can be stored on the Ipsil chip including graphics, JAVA
scripts, etc.—not just HTML.

2. When creating HTML files for the IPu8930, keep your design simple to minimize
file size.

3. Also use whatever options are available on your favorite HTML editor to minimize
unnecessary overhead. For example, Microsoft Word creates exceptionally large
HTML files because it generates files which can be later re-edited by Microsoft Word
and includes a significant amount of HTML code about the original

Microsoft Word files to support this re-creation capability

4. File must be a minimum of 512 bytes long, and will be padded (with null
characters) as necessary to end on a 512-byte boundary. This padding is done
automatically when upldading using the ICU program.

5. it’s strongly recommended that you name any files you create for uploading be
named starting with the three-digit destination file number. For example,
“075mypage.html”. This helps you keep track of where files are loaded, and it also

provides a way for the ICU to automatically determine where to save the file in the

device.
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5.6 System Interface

System Interface is the screen which the user can interact with, and so

communicate with the system friendly. The followings are the system screens defined
by the applet they load:

5.6.1 First page
8EVAR - MicrosoRInternEtERploTeE IS NN
Fle Edit View Favorites Tools Help
) Back ~ P A Search | Favortes ¢ v v s @ a4 N
Address |<1H:\np\EMAR\ndex.htm | Jeo
DAP !Options |7 Software ¥ |2 [ % oLl o fles & ~/ v v SDAPDive v
| Electrical Power Automatic Reading i
|
1
|
| &
4563 KWH
.-——_I\\5
4
: ,,/“\
[
£ &
e R e - —0
| A
i ©copy right 2005
| -
| )My Computer

-, Applet fphover started

i asst|[z1EMAR . Bl B0 2O 0 T esoem
Sstert| ([ o ” _ewFo.] pworkn.. | [GiMacs- ]ooum..| ot |[2] e :

Fig 5.5 First Page
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5.6.2 Verifying User Accbunt

Fie Edt View Favorites Tools Help i :.Jé’J.?‘J
\Back ¥ < ~ § i - |
pack ~ Search  Favorites (% v v & e 2
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Fig 5.6 Verifying User Account
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5.6.4 Power Meter Value

:\hp\EMAR \reading htmiSMicFosoftin
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Fig 5.7 Power Meter Value
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Chapter Six

System Implementation and Testing

This chapter demonstrates the methods and procedures used to test and
examine the system operation and behavior. System testing is an important and

crucial step in implementing a system. It senses the effectiveness of that system just

before introducing it to its users.

- This system has more than one issue to be tested. Some testing parts reflect a
software, hardware or networked case. Also, testing procedures concentrate on a

single device independent from the over whole system.

Here are the testing issues. They include the micro web server testing,

hardware components testing and software applets testing.

6.1 Introduction

The implementation and testing was done using the following tools and components:
e Connectors with different colors

e ]C stands

e 50 cm broad board
e All the ICs that are depicted in the design chapter (see chapter 4)

e Wrapper tool for wrapping the connectors on the ICs stands

e A wire grabber and a wire cutter -

e A digital Millimeter for testing

A phases approach was carried for implementing and testing the hardware
components. Then the applets and web pages WerIc implemented and tested. The
implementation and testing was for one load. More OVer the system software source

code is included in the appendix.
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6.1 Testing the Micro Web Server

Testin i .
| ing the Micro Web Server Involves doing more than one step. In order to
test it, there must be a simple installed network; this is accomplished by connecting
the Micro Web Server with a simple client (PC) that has an Internet Browser (i.e.

Internet Explorer, or Netscape navigator). Testing the Micro web server is done by
simply asserting one of the following conditions:

e Structuring a cross over cable between a PC and the Micro Web Server

o Connecting the Micro Web Sever to one of a Hub ports

After connecting the cable between the Micro Web Server and the PC, power
on the Micro Web Server to complete the network, some testing commands are done:

1. Testing the TCP/IP Protocol

“This test is configured at the client side PC because the Micro Web Server
already supports the TCP and UDP Protocols. The test is done simply by writing the

following command on the Command Line Shell:

Ping 127.0.0.1

The following reply indicates the success of the installed TCP/IP protocol:

Pinging 127.0.0.1 with 32 bytes of data:

Reply from 127.0.0.1: bytes=32 time<1ms TTL=128
Reply from 127.0.0.1: bytes=32 time<lms TTL=128
Reply from 127.0.0.1: bytes=32 time<1ms TTL=128
Reply from 127.0.0.1: bytes=32 time<lms TTL=128

Ping statistics for 127.0.0.1:
Packets: Sent = 4, Received = 4, Lost=0 (0% loss),
p times in milli-seconds:

mum = Oms, Average = Oms

Approximate round tri

Minimum = Oms, Maxi

58




Testing Micro Web Server Reachability

The Mi
.1cro Web Server when connected to a network is configured as a DHCP
client. Detection packets are sent when sharing a network to have an IP Address from

a DHCP server. Whea no server satisfies that, the 192.168.0.254 IP address is
assigned to the Micro Web Server.

Testing the Micro Web Server assumes no DHCP server is found. So, the

foll'owing command well tests the Micro Web Server:

Ping 192.168.0.254
The following reply indicates the success of Micro Web Server accessibility:

Pinging 192.168.0.254 with 32 bytes of data:

Reply from 192.168.0.254: bytes=32 time=1ms TTL=128
Reply from 192.168.0.254: bytes=32 time=1ms TTL=128
Reply from 192.168.0.254: bytes=32 time=1ms TTL=128
Reply from 192.168.0.254: bytes=32 time=1ms TTL=128
Ping statistics for 192.168.0.254:

Packets: Sent = 4, Received = 4, Lost = 0 (0% loss),
Approximate round trip times in milli-seconds:

Minimum = 1ms, Maximum = 1ms, Average = Ims

6.2 Testing TCP/IP Sockets

Testing win sockets needs applying some codes and executing it through a

java applet. There are two main applets used to test both the Serial Port and the 8

General I/O pins.
6.2.1 Testing Port A
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There a1 : :
are 8 general purpose I/O pins installed on the Micro Web Server. The

following testing code is used to imp]e
plement a socket through a jav let
to flash 8
LEDs ON and OFF: g

import java.applet.Applet;
import java.io.*;

import java.net.*;

import java.util.*;

import java.awt.*;

public class setDigitalHi extends Applet

{
private int IPSIL_PORT = 8930;

InetAddress ia =~ =null;
Socket sock =null;
InputStream sIn  =null;

OutputStream sOut = null;

StringBuffef buffer = new StringBuffer();

byte ] setAllDigitalOutput =

{ 0x00, 0x00, 0x00, 0x00, 0x00, // Password (5 bytes len)

0x06, / "Write EEPROM" cmd (1 byte len)
0x00, OxOO,. 0x01, 0x13, ‘ // Start location (4 bytes len)
(byte)0x86, // All channels Digital (1 byte len)

0x00 // All channels as Outputs (1 byte len)

b

byte [] flashLedsOn =

{ 0x00, 0x00, 0x00, 0x00, 0x00, // Password (5 bytes len)

0x06, // "Wite BEPROM" cmd (1 byte len)

(4 bytes len)

0x00, 0x00, 0x01, 0x17, ~ // Start Jocation
(1 byte len)

(byte)0xff // All channels HI
IR
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byte [] flashLedsOff =

{ 0x00, 0x00, 0x00, 0x00, 0x00, /l Password (S bytes len)

0x06, /I ""Write EEPROM" c¢md (1 byte len)

0x00, 0x00, 0x01, 0x17, /' Start location (4 bytes len)
(byte)0x00 /' All channels Low (1 byte len)
I |

byte [] resp = new byte[1024]; /I Network response buffer
public void init() {

try {

ia = InetAddress.getByName( getCodeBase().getHost() );
sock = new Socket(ia, IPSIL_PORT);
addItem(ia.toString());

sIn = sock.getInputStream();

sOut = sock.getOutputStream();

}

catch (Exception e)

{
e.printStackTrace();
addItem(" Init " );

}

}

private void addItem(String newWord)

{ P
System.out.println(newWord);
buffer.append(newWord);
repaint(); '

}

public void paint(Graphics g)
{ : . . 1 -
g.drawRect(0, 0, getSize().width _ 1, getSize()-height - »),

g.drawString(buffer.toString(), 5, 15);

§
public void start() {

61




try{ |
sOut.write(setAliDigitalOutput);
sIn.read(resp);
SOut.write(ﬂashLedsOn);
sIn.read (resp);
Thread.sleep( 1000 );
addItem("LEDs ON!");
sOut.write(flashLedsOff);
sIn.read (resp);
Thread.sleep( 1000 );
addItem(" LEDs OFF!");

}

catch (Exception e)

{ _
e.printStackTrace();
addItem(" Start ");

}

}

}

6.2.2 Testing Parallel Port

The testing of the parallel port via a socket is implemented by connecting a

LED to the transmit line of the parallel port. Then an applet is written to flash the led
ON and OFF, here is the testing applet code:

//an applet to turn port A to 1 in digital

import java.applet. Applet;

import java.io.*;

import java.net.*;

import java.util.*;

import java.awt.*;
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public class setDigitalHi extends Applet

{

len)

// Constants

Rt IngIRSILT PORT = 8930; /' Tpsil device port number

// Variables

InetAddress ia & nulls

Socket sock =null; /I Socket

InputStream sin  =null; // Input data stream
OutputStream sOut = null; // Output data stream instance

StringBuffer buffer = new StringBuffer();

/| Arrays

// Write RAM variable ICP command

// Configures all channels as Digital Outputs

// Operation code = 0x06, address in RAM 0x113, bytes to write 2

byte [] setAllDigitalOutput =

{ OxOO, 0x00, 0x00, 0x00, 0x00, // Password (5 bytes

0x06, // "Write EEPROM" cmd (1 byte len)
0x00, 0x00, 0x01, 0x13, // Start location (4 bytes len)
(byte)0x86, // All channels Digital (1 byte len)

0x00, // All channels as Outputs (1 byte len)

15

// Set all digital outputs to HI level
// Write RAM variable ICP command

/I Operation code =
// Each bit of the last byte represents each channel state
byte [] setAllDigitalHi =

{ 0x00, 0x00, 0x00, 0x00, 0x00,

len)

0x06, address in RAM 0x117, 1111 1111 - all channels "1" output

accordinly

// Password (5 bytes
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0x06, /l "Write EEPROM" cmd

0x00, 0x00, 0x01, 0x17 )

// :
len) flgeation (4 bytes

(byte)OxfT,
yte)0x £ /I All channels HI (1 byte len)
: n

byte [] resp = new byte[1024]; /I Network response buffer

public void init()
try
{

//ia = InetAddress.getByName("192.168.1.101");

//ia = InetAddress.getLocalHost();
//addItem(ia.getHostAddress());

ia = InetAddress.getByName( getCodeBase(). getHost() );

// Tnit TCP socket. Connect to the device itself on Ipsil port
sock = new Socket(ia, IPSIL_PORT);
addItem(ia.toString());

/| Create input data stream

sin = sock.getInputStream();

// Create output data stream

sOut = sock.getOutputStream();

catch (EXcéption e)

{

e.printStackTrace();
addItem(" Init " );
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private void addItem(String newWord)

{

System.out.println(newWord);

'buffer.appehd(newWord);

repaint();

L

public void paint(Graphics g)

a4

//Draw a Rectangle around the applet's display area.
g.drawRect(0, 0, getSize().width - 1, getSize().height - 1);

//Draw the current string inside the rectangle.

g.draWStrihg(buffer.toString(), 5, 15);

public void start()

{

try
{

// Send IC
sOut.write(setAl1Digita10utput);

P command - Configure all channels as digital outputs

// Read and ignore réplay byte from the Ipsil device

sIn.read(resp);

// Send ICP command - Set HI all on all of the channels

sOut.write(setAllDigitalHi);
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/I Read and ignore replay byte from the Ipsil device
sIn.read (resp);

addltem(" All Digital HI Done!")

.
)

catch (Exception e)

{
e.printStackTrace();
addItem(" Start ");

}
} /lend of the applet

/lan applet to turn port A to 0 in digital
import java.applet.Applet;

import java.io.*;

import java.net.*;

import java.util.*;

import java.awt.™;

public class setDigitalLo extends Applet
{ :

// Constants

private int IPSIL_PORT = 8930; // Tpsil device port number

/I Variables

InetAddress 1a =mull

Socket sock =null; // Socket i
a

InputStream sln = null; // Input data stre

o : out = null // Output data stream instance
utputStream 2
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StringBuffer buffer = new StringBuffer();

/| Arrays
// ' Write RAM variable ICP command
/I Configures all channels as Digital Outputs

/I Operation code = 0x06, address in RAM 0x113, bytes to write 2
byte [] setAllDigitalOutput =

{ 0x00, 0x00, 0x00, 0x00, 0x00,  // Password (5 bytes
len)
0x06, // "Write EEPROM" cmd (1 byte len)
0x00, 0x00, 0x01, 0x13, // Start location (4 Dbytes
len)
(byte)0x86, // All channels Digital (1 byte len)
0x00, // All channels as Outputs (1 byte len)
};

/| Set all digital outputs to LO level

// Write RAM variable ICP command
Il Operation‘code = 0x06, address in RAM 0x117, 0000 0000 - all channels "1" output

/| Bach bit of the last byte represents each channel state accordinly

byte [] setAllDigitalLo =

{ 0x00, 0x00, 0x00, 0x00, 0x00, // Password |
0x06 // "Write EEPROM" cmd (1 byte len)

0x00, 0x00, 0x01, 017 // Start location (4  bytes

(5 bytes len)

len)

(byté)OxOO /1 All channels LO (1 byte len)

}5

byte [] resp = new byte[1024]; // Network response buffer
public void init()
{
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-

/lia = InetAddress. getByName("10.1.1.20");

/lia = InetAddress. getLocalHost();
//addItem(ia.getHostAddress());

1a = InetAddress. getByName( getCodeBase().getHost() );

// Init TCP socket. Connect to the device itself on Ipsil port
sock = new Socket(ia, IPSIL_PORT);
addItem(ia.toString());

// Create input data stream

sIn = sock.getInputStream();

/| Create output data stream

sOut = sock.getOutputStream();

catch (Exception €)

{

e.printStackTrace();
addItem(" Init " );

private void addItem(String newWord)

{

System.out.println(newWord);

buffer.append(newWord);

repaint();

}
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public void paint(Graphics g)

{
//Draw a R
: ectangle around the applet's display area.
g.drawRect(0, 0, getSize().width - 1, getSize().height - 1);
//Draw the current string inside the rectangle.
g.drawString(buffer.toString(), 5, 15);
}
public void start()
K
try
{
// Send ICP command - Configure all channels as digital outputs
sOut.write(setAllDigitalOutput);
// Read and ignore replay byte from the Ipsil device
sIn.read(resp);
// Send ICP command - Set HI all on all of the channels
sOut.write(setAllDigitalLo);
// Read and ignore replay byte from the Ipsil device
sIn.read (resp);
addItem(" All Digital Lo Done!");
}
catch (Exception e)
{
e.printStackTrace();
addItem(" Start ");
}
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} //end of the applet

6.4.Implementing and testing projects hardware components

General hardware components testing:

BCD counter: a simple circuit was designed for testing the BCD counter, which was

741590, and the results were the BCD sequence (0, 1,2 .... 9, 0)

741590 X
.iS%
MS

Pl ¢ R3

External clock = Q1 1k
L —cP0

L-—Ocpl Q l =

Fig 6.1 BCD counter testing

Multiplexer: two BCD counters with a quadruple multiplexer was tested, a selection

line was used to select between the two counters. The result was that it worked

correctly as desired.

74LS90
MS1
MS2 f—
MRl Q2 SEUA0R
MR2 74LS157,
External ?_lgc_]<__’;:__o Q1 S
— Ila N
- I0a Ya
e
I R4
Ilc
[yl d 1k
——I1d
——10d Y =
-0
St =]

External clock = 4

Fig 6.2 Quad 2-1 Multiplexer testing
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Testing phases:

Phase 1

The clock circuit was implemented and tested separately. And it counted correctly

giving a pulse every 2 watt of €nergy consumption.

Phase 2

Several BCD counters were connected in series to form a counter from (0000000) to

(9999999), an external clock was chosen to drive these counters.
Phase 3

Seven segments displays with seven segments Line drivers were connected with BCD

counters, and were tested using the external clock and it worked correctly.

Phase 4

3 multiplexers were added to the circuit in addition to a BCD counter for selection

from the 4 most signiﬁcant counters. All the components of this phase and the

previous phases were tested and the results were correct.

Phase 5

moved and the designed clock was put in its place, and all of

The external clock was re , i
result that there is a BCD count every 2 watt of electrical

these were tested. With the

energy usage.

Phase 6

ted using a switch relay, and it worked correctly -

The control circuit was implemen line for testin
switching on and off the led, that was chosen instead of the 220 ac line for testing.

sl s
This led will be replaced by the 220 v ac line 10 the final phase |

i ' 7 1




Phase 7

Finally the led was replaced by the 220 v ac line, and the relay with all BCD interface

from the multiplexer and the selection line were connected to the micro web server
and tested using web pages and java applets,

6.5 Testing Java Applets

Testing Java Applets is one of the most crucial phases of testing. This fact
stems from that java applets along with the web pages contains them is the interface

of the system at which a user can interact.

The following steps complete applets testing on the web pages stored in the
Micro Web Server:

I. Transferring the applet’s HTML and JAR files to the Micro Web Server file
system

2. Using IPSil Configuration Utility (ICU) to accomplish this step

3. Ensuring that the HTML and JAR file locations match the CODEBASE attribute

in the HTML file and that the CODE attribute has the fully qualified class name

Testing the applet in various browsers. If the applet fails to load, check that the

browser is Java-enabled. Also check the browser’s Java Console for error messages.

Testing Java Applets Buttons

1) Read Button

We attached the power meter t0 light and make it consumes power, then after
that we pressed read button and the reading result appears into screen multiply by

two.
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2) Select Button

Select button i : :
. on 1s used to determine which counter we will read from, but we
concern into the four counters. :

3) Turn Off

This button is used to switch off the electricity by sending a signal of five volt
to the relay.

First we will read the value of the power meter, and then we will determine whether it

needs to turn off or not

We attached a light, and by this button we switched off the electricity for.

4) Turn On

This button is used to switch on the electricity. In the normal mode it will be

on.
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Conclusion and future work
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Chapter 7

Conclusion and future work

Project conclusions

o We have built the counter circuit together with multiplexer.

e The clock circuit implemented and connected to both the power meter and the
clock circuit.

o A switch relay was used to build the control circuit.

e A 6.2 volt battery with a 5 volt regulator was used to compensate for
electricity cut off.

e All of the above were tested together using the software (the java applets and
the web pages). The system worked correctly.

Proj ect problems

o Electricity cut off during the project’s work.

o There is a lack of strong practical experience in the developing team.

e There is a shortage of electrical components in local stores.

Future work:

nterface and a different

ed using a different i ! i
e : eless media, or infrared

e The system can be imp . :
< h as serial interface and wir

transmission media suc .
interface and electrical media.

e The system can be extended to measure water, gas and other things.

ilt to
An advanced management system can be built
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Appendix A

Several tables to describe micro web server operations

Data Sheets

vV




Byte #

Length
(Bytes)

S ]
Field Name

Description/Valid Values

0x00

PASSWD

Five character ASCII password—
always required. Will be ignored if
secure mode (SECMODE) is not
enabled. If SECMODE is disabled, it is

recommended that this field be zero
padded.

0x05

OPCODE

2 = Read from External EEPROM
4 = Read from Internal EEPROM
7 = Read from RAM location

9 = Read from serial port

10 = I’C Read (v1.1)

12 = SPI Read (v1.1)

0x06

ADDR

Address argument for the above
operations. Addresses are in ‘big-
endian’ format, e.g., MSB comes first.

0x0A

READLEN

Number of bytes to read. Binary
number—must be from 1-32 for UDP
packets and 1-20 for TCP packets

A Table 5-1: ICP Packet — Read Request

Byte #

Length
(Bytes)

Field Name

Description/Valid Values

0x00

ADDR

Address argument for the requested
read. Same address as sent in the

read request

0x04

1=82

TIMESTAMP

| -
READDATA

MSB is first; LSB is last. This is the
running count of time since last power
up measured in 8 ms increments.
These bytes can be used to attached a
time reference to the data

Requested data

0x8

Table 5-2: ICP packet — Read Response
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Byte #

Length
(Bytes)

Field Name

0x00

Description/Valid Values

PASSWD

Five character ASCII password—
always required. Will be ignored if
secure mode (SECMODE) is not -
enabled. If SECMODE is disabled, it is

recommended that this field be zero
padded.

0x05

OPCODE

3 = Write to External EEPROM
5 = Write to External EEPROM
6 = Write to RAM location

8 = Write to serial port

11 = I*C Write (v1.1)

13 = SPI Write (v1.1)

~ 0x06

ADDR

Address argument for the above
ope.rations. Addresses are in ‘big-
endian’ format, e.g., MSB comes first.

0x0A

WRITEDATA

Data to be written to the above

address—must be from 1-30 bytes in
length for UDP packets and 1-20 bytes
for TCP packets

Table 5-3: ICP Packet — Write Request

Byte #

Length
(Bytes)

Field Name

Description/Valid Values

0x00

1l

STATUS

Will be equal to OxFF if successful.
Future release will contain additional
error codes.

0x01

SEQNUM

Serial Sequence number. This is only
present in response to op-codes 8 or
9. It contains the sequence number of
the serial command just sent.

Byte #

Table 5-4: ICP Packet — Write Response

Length'
(Bytes)

Field Name

Description/Valid Values

~ 0x00

5

0x05 -

0x06

PASSWD

[OPCODE |

ADDR

Five character ASCII password—
required if secureé mode (SECMODE) is|.

enabled.
14 = Reset device (soft reboot)

These bytes areé ignored for the RESET]
command

Table 5-5: Reset Device Request

vAa




Serial OPCODE List

2 = Read from Externa| EEPROM
3 = Write to External EEPROM

4 = Read from Internal EEPROM
5 = Write to Internal EEPROM

6 = Write to RAM location

7 = Read from RAM location

8 = Write to serial port

9 = Read from serial port

10= I°C Read (v1.1)

11 = I’C Write (v1.1)

12 = SPI Read (v1.1)

13 = SPI Write (v1.1)

14 = Reset device (soft reboot)

Table 5-6: Complete ICP OPCODE List




Appendix B

[PU8930 Schematic Diagrams
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SN54157, SN541S157,
SN74157, SN74
QUADRUPLE 2-LINE TO 1-LIN

LS157,

SN34LS158, SN54S157, SN54S158,
SN74LS158, SN74S157, SN74S158
E DATA SELECTORS/MULTIPLEXERS

* Buffered Inputs and Outputs
® [hree Speed/Power Ranges Available
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PROPAGATION
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SN54157, SN54LS157, SN54
QUADRUPLE 2-LiNE TO 1-LIN
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}g;. §ﬁ548158.
. SN74S158
E DATA SELECTORS/MULTIPLEXERS
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QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS
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Decade and Binary Counters

General Description
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Function Tables
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Absolute Maximum Ratingsinae 4,
Supply oltage o
e L Neata &2 Thys “Absolute b ; ;
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Storadge Temperaturs Range 65 C 1o+ 150 C let actuad devize opalia
Recommended Operating Conditions
Symbol Paramater : Min Nom Max Units
Voo v voltage q.75 s =05 0
¥ HIGH Lavel Input Yollags 2
) L% Leval Input Yoltage 0.8 Y
(] HIGH Laval Sutput Current K] e
[ LOWY Levael Qutput Current S ma
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BloQp 0 16
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BtloQp 0 10
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Electrical Characteristics
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DM74LS90 Decade and Binary Counters
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import java.applet.Applet;
jmport java.io.*;

jmport java.net.;

import java.util.®;

import java.awt.*;

import java.awt.event.*;

public class Start extends Applet

{

/[ Constants

private int IPSIL_PORT = 8930; // Tpsil device port number
/[ Variables

InetAddress ia =null;

Socket sock =null; // Socket

InputStream sln = = null; // Input data stream
OutputStrearh sOut =null; // Output data stream instance

StringBuffer buffer = new StringBuffer();
Button read=new Button("Read");
Button select=new Button("Select");
Button on=new Button("Turn OFF");
Button off=new Button("Turn ON");
Label value=new Label();

Label eCond=new Label();

/I Arrays :
/| Write RAM variable ICP command

// Configures all channels as Digital Outputs

// Operation code = 0x06, address in RAM 0x113, bytes to write 2

byte [] setAllDigitalOutput =




{ 0x00, 0x00, 0x00, 0x00, 0x00

0x06,
0x00, 0x00, 0x01, 0x13,
(byte)0x86,
channels Digital (1 byte len)
0x0f, _
input 4,5,6,7 output (1 byte len)
e
byte []t=
{ 0x00, 0x00, 0x00, 0x00, 0x00,
0x06,
0x00, 0x00, 0x01, 0x13,
(byte)0x86,
channels Digital (1 byte len)
0x00,
channels as Outputs (1 byte len)
b
byte [] ra =
{ 0x00, 0x00, 0x00, 0x00, 0x00,
OO
0x00, 0x00, 0x01, 0x17,
(byte)0x01,

channels Digital (1 byte len)

channels as Outputs (1 byte len)
I

// Set all digital outputs O HI level

/ Password
/1 "Write EEPROM" cmd
/I Start location

/] Password

// "Write EEPROM" cmd

// Start location

// Password
// "Write EEPROM" cmd
// Start location

// Write RAM variable [CR command

(5 bytes len)
(1 byte len)
(4 bytes len)
/I All

111,2,3,4

(5 bytes len)
(1 byte len)
(4 bytes len)
/I All

/1 All

(5 bytes len)
(1 byte len)
(4 bytes len)
/I All

/I All




// Operation code =

output

// Each bit of the last byte represents each channel state accordinly

byte [] sa0 =

{ 0x00, 0x00, 0x00, 0x00, 0x00,

0x06,
0x00, 0x00, 0x01, 0x17,
(byte)0x00,
channels lo except 5,6,7

}s |

byte [] sal =

{ 0x00, 0x00, 0x00, 0x00, 0x00,
0x06, '
0x00, 0x00, 0x01, 0x17,
(byte)0x8f,

channels HI (1 byte len)

1§

byte [] sOn =

{ 0x00, 0x00, 0x00, 0x00, 0x00,
0x06,
0x00, 0x00, 0x01, 0x17,
(byte)0x7f,

channels HI (1 byte len)

1s
byte [] sOff =

{ 0x00, 0x00, 0x00, 0x00, 0x00,

0x06,
0x00, 0x00, 0x01, 0x17,
(byte)0xOf,

channels HI (1 byte len)

15
byte [] resp = new byte[1024];

/l Password
// "Write EEPROM" ¢md

// Start location

(1 byte len)

/] Password
/| "Write EEPROM" ¢cmd
// Start location

// Password
// "Write EEPROM" cmd
// Start location

// Password
// "Write EEPROM" cmd
// Start location

0 ;
x06, address in RAM 0x117, 1111 1111 - all channels "1"

(5 bytes len)
(1 byte len)
(4 bytes len)
/I All

(5 bytes len)
(1 byte len)
(4 bytes len)
/1 All

(5 bytes len)
(1 byte len)

(4 bytes len)
/1 All

(5 bytes len)
(1 byte len)
(4 bytes len)
/I All

// Network response buffer




public Start(){

setLayout(new BorderLayout());
Panel p = new Panel();
: Panel p2 = new Panel();
p2.setLayout(new FlowLayouf()); }
p.setLayout(new BorderLayout());
read.addAQtionListener(new ActionListener(){
public void actionPerformed(ActionEvent e){
Start.this.readK(); '

} " :
B .
sélect.addActionListéner(new ActionListener(){
public void actionPerformed(ActionEvent €){
Start.this.selectK();

¥
. ) :
on.addActionListener(new ActionListener(){

~ public void actionPerformed(ActionEvent €){
Start.this.tOn(); 2

}
5 '
Off.addActionListener(new Ac
A public void actionPerfo

tionListener(){
rmed(ActionEvent e){

VoV



Start.this.tOff();

o
g ) ‘
vglue.setSize(new Dimension(O,ZOO));
p-add("North",read);
 p.add("South" select);
p2.add("North",on);
p2.add("South",off);
p.-add("Center",value);
add("North",p);
add("South",p2);
add("Center",cCond);

}
private void tOn(){
try{
sOut.write(sOn);
sIn.read (resp);
}
catch (Exqeption e)j
ly
e.printStackTrace();
addItem(" Start ");
}

}
private void tOff(){
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try{
sOut.write(sOff);

sIn.read (resp);

}

catch (Exbeption e)

{ il
e.pﬁntStackTrace();
addItem(" Start )

private void selectK(){

int i];
try {

sOut.write(sal);

sIn.read (resp);

for(i=0;i<100000;i++)
for( j=0;j<100000;j++)

.
2

sOut.write(saO);

sIn.read (resp);

for(i=0;i<100000;i++)
for( j=0;j<100000;j++)

.
3

Y4




s E————

e ——

===

catch (Exception e)
{
e.printStack Trace();
addItem(" Start ");
}
}
private void readK(){
int 1,j;
int v=0;
int ec;
try {

// Send ICP command - Configure all channels as digital outputs
sOut.write(setAllDigitalOutput);

// Read and ignore replay byte from the Ipsil device

sIn.read(resp);
sOut.write(ra);

sIn.read(resp);
ec=  resp[8]&0x10;
this.sa0[10]= =(byte)((this. saO[lO]&Oxef)lresp[S])
this.sal [10]=(byte)((thls.sa1 [lO]&Oxef)lresp[8])
if(ec==16)

eCond.setT_ext("OFF");
else if(ec==0)

eCond.setText("ON");

v+=(resp[8]&0X0f)* 1000;

addItem(" FirstDigit: "+(resp[8]-32));

AR




S —

/l Send
nd ICP command - Set HI all on all of the channels
sOut.write(sal);

/'R i
ead and ignore replay byte from the Ipsil device
sln.read (resp);
for(i=0;i<100000;i++)
for( j=0;j<100000;j++)

sOut.write(sa0);

- //'Read and ignore replay byte from the Ipsil device

sIn.read (resp);
sOut.write(ra);
sIn.read(resp);

v+=(resp[8]&0x0£)*100;
addItem(" SecondDigit: "+(resp[8]-32));

// Send ICP command - Set HI all on all of the channels

sOut.write(sal);

// Read and ignore replay byte from the Ipsil device

sIn.read (resp);

for(i=0;i<1 00000;i++)

5

for( j=0;j<100000;j++)

2

sOut.write(saO);

// Read and ignore replay byte from the Ipsil device

sIn.read (resp);

WA




sOut.write(ra);
- sIn.read(resp);

v+=(resp[8]&0x0t)*10;
addItem(" ThirdDigit: "+(reépt8]—32));

- // Send ICP command - Set HI all on all of the channels

sOut.write(sal);

// Read and ignore replay byte from the Ipsil device
sIn.read (resp);

for( i=03i<100000;i++)
for( j=05j<100000;j++)

.
2

sOut.write(sa0);
* // Read and ignore replay byte from the Ipsil device

sIn.read (resp);

sOut.write(ra);

. gIn.read(resp);

v+=resp[8]&0x0f;
addItem(" ForthDigit: "+(resp[8]-32));

for(int k=0;k<7;k+F) {
sOut.write(sal);
sIn.read (resp);

V)Y




for(i=0;i<100000;i++)
for(j=0;j<100000;j++)

.
2

sOut.write(sa0);

- sIn.read (resp);

for(i=0;i<100000;i++)
for( j=0;j<100000;j++)

.
>

}
N
catch (Exception €)
{ ;
e.printStackTrace();

" addItem(" Start ");

value.setText((v¥2)+"KWH");

192.168.1.101");

//ié = InetAddress. getByNgme("
//ia = InetAddress.getLocalHost();
//addIteni(ia.getHostAddressQ);

YR )N




1a = InetAddress.getByName( getCodeBase().getHost() );

// Tnit TCP socket. Connect to the device itself on Ipsil port ‘
sock = new Socket(ia, IPSIL_PORT); A
addItem(ia.toString());

-/l Create input data stream

sIn = sock.getInputStream();

// Create output data stream

sOut = sock.getOutputStrearﬁ(); :

catch (Exception €)

{
e.printStackTrace();
addItem(" Init " );

private void addItem(String newWord)

blic static void main(String args[]) { | ' |
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- Frame f=new Frame("KWH Reading");
- Starts = new Start();
s.init();

\ s.start();

ﬁ:add(“Cehter", s);
f.setSize(800, 400);
f.show(); '

public void start()

} /lend of the applet
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